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We construct the minimal dark matter models in the left–right symmetric extensions of the standard 
model (SM), where the gauge symmetry SU(3)C × SU(2)L × SU(2)R ×U(1)B−L is broken into its subgroup 
SU(3)C ×U(1)em by nonzero VEVs of a SU(2)R doublet HR and a SU(2)L ×SU(2)R bidoublet H . A possible 
candidate of dark matter is explored in the framework of minimal dark matter considering SU(2)L,R
multiplet scalar bosons and fermions. Then we focus on SU(2)R quintuplet fermions with B − L charges 
0, 2 and 4 as the minimal dark matter candidates and investigate their phenomenology. We show that 
the dark matter in the model can provide observed relic density with 2 TeV W ′ boson which is motivated 
by the ATLAS diboson excess and CMS eejj excess. The possible mass of dark matter is predicted for each 
B − L charge. We then estimate the scattering cross section of dark matter with nucleon and production 
cross section of charged components in the quintuplets at the LHC.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
The Standard Model (SM) based on SU(3) × SU(2)L × U(1)Y
has been very successful in describing particle physics phenomena 
from low energy to ∼ (a few) TeV. Still it suffers from a num-
ber of phenomenological drawbacks such as neutrino masses and 
mixings, nonbaryonic dark matter (DM) and matter–antimatter 
asymmetry as well as cosmological inﬂation, not even mentioning 
theoretical puzzles such as ﬁne tuning of Higgs mass, the origin 
of ﬂavor and generation, and strong CP problem, etc. There are a 
number of different extensions of the SM, based on which problem 
it aims to solve.
One interesting gauge extension of the SM would be left–right 
(LR) symmetric models, where the right-handed fermions form 
SU(2)R doublets, similarly to the left-handed (LH) fermions form-
ing SU(2)L doublets [1–6]. In this case one can enjoy a possibility 
that the left–right symmetry is completely restored in high energy 
scale if we assume gL = gR and similar assumptions for Yukawa 
couplings. Also strong CP problem [7,8], neutrino masses and mix-
ings, and lepton number violation [9–15] can be addressed as well 
from different viewpoints.
The canonical version of the LR model is to assume the exact 
left–right symmetry with the following Higgs sector, SU(2)L triplet 
L , SU(2)R triplet R and SU(2)L × SU(2)R bidoublet φ. Then, the 
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SCOAP3.LR symmetry is assumed to be spontaneously broken into U(1)em
by nonzero VEVs of R and φ. This setup has been studied ex-
tensively, including ﬂavor physics [9–19], minimal DM [20] and 
right-handed neutrino DM [21,22].
However the assumption of exact LR symmetry may be a too 
strong and constraining assumption. In principle, the SU(2)L and 
SU(2)R gauge couplings could be different even at high energy 
scales. Moreover one can achieve the necessary gauge symme-
try breaking with nonzero VEVs of SU(2)R doublet HR instead of 
triplet R and a bidoublet φ, which is much simpler than the 
canonical LR models. We also note that inverse seesaw mechanism 
can be applied introducing gauge singlet fermions [23–25].
In fact, this simpler setup including SU(2)L doublet Higgs has 
been studied recently [26], mainly motivated by the ATLAS 2 TeV 
diboson excess [27] where a moderate excess is also found by 
CMS [28,29]. The 2 TeV W ′ boson from SU(2)R is a possible ex-
planation of the excess, which is also discussed in the canonical 
LR models [19,20,30–37]. Although one has to await more data ac-
cumulation at LHC Run 2, it is interesting to ask oneself what kind 
of new physics may explain this tantalizing ATLAS 2 TeV diboson 
excess, if it is a real signature of physics beyond the SM. Further-
more, there is also some excess in the eejj channel of the CMS 
search [38], which could be also discussed as a potential signal 
of W ′ decaying into electron and right-handed neutrinos [26,37,
39–41].
In this letter we construct a minimal dark matter model in the 
SU(2)L × SU(2)R × U(1)B−L extension where the gauge symmetry 
is broken down to U(1)em by nonzero VEV’s of a bidoublet H and  under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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of DM introducing SU(2)L,R multiplet scalar bosons and fermions 
based on the idea of minimal DM [42]. Then the SU(2)R quintuplet 
fermions with B − L = 0, 2 and 4 are investigated as candidates of 
minimal DM of SU(2)R multiplet. We show that properties of the 
minimal DM such as the mass splitting within the multiplet are 
different from that in the canonical LR models [20]. The allowed 
DM mass range is then different in two cases, and so is the result-
ing phenomenology. Particularly we ﬁnd that our minimal DM can 
be accommodated with 2 TeV W ′ where the relic density tends to 
be smaller than observed value in the canonical LR model for the 
parameter region in which a neutral component of SU(2)R multi-
plet is the lightest one because of different mass splitting pattern. 
The mass values of DM are predicted for mW ′ = 2 TeV. We then 
estimate DM-nucleon scattering cross section for DM direct detec-
tion and production cross section of charged components in the 
DM multiplet at the LHC Run 2.
2. The model
Let us consider a left–right extension of the SM applying the 
gauge symmetry SU(3) × SU(2)L × SU(2)R × U(1)B−L where B and 
L are baryon and lepton numbers respectively [1–6]. The scalar 
contents are taken to be
H : (2, 2¯,0), HR : (1,2,1) (1)
where the quantum numbers in the parenthesis are under the 
SU(2)L × SU(2)R × U(1)B−L omitting SU(3) for simplicity. Here we 
have loosened the exact left–right symmetry and applied more 
simpliﬁed choice of the scalar contents to break the gauge sym-
metry. The fermion contents are also given by
qL : (2,1,1/3), qR : (1,2,1/3), L : (2,1,−1),
R : (1,2,−1), S : (1,1,0), (2)
where Majorana fermion S is introduced to lead inverse seesaw 
mechanism [23–25].
The gauge symmetry is broken by non-zero vacuum expectation 
value of H and HR . We assume the VEVs of the scalar ﬁelds are 
developed such that
〈H〉 = 1√
2
(
k1 0
0 k2
)
, 〈HR〉 =
(
0
vR/
√
2
)
. (3)
The gauge symmetry is then broken as SU(2)L × SU(2)R ×U(1)B−L
→ U(1)em where the electric charge Q is given by
Q = T 3L + T 3R +
1
2
Q B−L (4)
where T 3L(R) and Q B−L denote the diagonal generator of SU(2)L(R)
and the B − L value of a ﬁeld respectively. After spontaneous sym-
metry breaking, we obtain the mass terms of the gauge bosons 
such that
LM = (W+μL ,W+μR )M˜2W
(W−Lμ
W−Rμ
)
+ 1
2
(W 3μL ,W
3μ
R , X
μ)M˜20
⎛
⎝W
3
Lμ
W 3Rμ
Xμ
⎞
⎠ , (5)
1 Recently Heeck et al. also studied the minimal DM in the canonical LR mod-
els [20]. The allowed DM mass range in their setup is heavier than what we ﬁnd 
out in this paper, and DM phenomenology is qualitatively different depending on 
the details of the Higgs sector.where W±μL,R = (W 1μL,R ∓ iW 2μL,R)/
√
2. The mass matrices are given 
by
M˜2W =
1
4
(
g2L K
2 −2gL gRk1k2
−2gL gRk1k2 g2R(K 2 + v2R)
)
,
M˜20 =
⎛
⎜⎜⎜⎝
g2L
4 K
2 − gL gR4 K 2 0
− gL gR4 K 2
g2R
4 (K
2 + v2R) gR gB−L4 v2R ,
0 gR gB−L4 v
2
R
g2B−L
4 v
2
R
⎞
⎟⎟⎟⎠ (6)
where K 2 = k21 + k22 and gL,R and gB−L are gauge couplings of 
SU(2)L,R and U(1)B−L . The mass matrices are diagonalized by the 
orthogonal transformation [43](
W±L
W±R
)
=
(
cos ξ sin ξ
− sin ξ cos ξ
)(
W±
W ′ ±
)
, (7)
⎛
⎝W3LW3R
X
⎞
⎠=
⎛
⎝ cW cX cW sX sW−sW sMcX − cMsX −sW sMsX + cMcX cW sM
−sW cMcX + sMsX −sW cMsX − sMcX cW cM
⎞
⎠
×
⎛
⎝ ZZ ′
A
⎞
⎠ , (8)
where sW (cW ) = sin θW (cos θW ) with the Weinberg angle θW , 
sM ≡ sin θM = gB−L/
√
g2R + g2B−L , cM ≡ cos θM = gR/
√
g2R + g2B−L , 
and sX (cX ) = sin θX (cos θX ) is associated with mixing of massive 
neutral gauge bosons. The mixing angles ξ and θX are assumed 
to be very small and will be ignored in the following analysis of 
dark matter phenomenology. The gauge couplings satisfy the rela-
tions gR = e/(sMcW ) and gB−L = e/(cW cM). The cM and sM can be 
rewritten as
sM = tan θW
(
gR
gL
)−1
,
cM =
(
gR
gL
)−1√( gR
gL
)2
− tan2 θW , (9)
where the gauge coupling should satisfy gR/gL > tan θW for con-
sistency. Assuming K  vR , the mass eigenvalues of new gauge 
bosons are approximately given by
m2W ′ 
1
4
g2R v
2
R
(
1+ K
2
v2R
)
, (10)
m2Z ′ 
1
4
(g2R + g2B−L)v2R
(
1+ K
2c2M
v2R
)
. (11)
Thus the mass relation of heavier gauge bosons are approximately
mZ ′
mW ′
 gR/gL√
(gR/gL)2 − tan2 θW
. (12)
Fig. 1 shows the mZ ′ as a function of gR/gL with mW ′ = 2 TeV
where mZ ′/mW ′ ∼ 1.2 for gL = gR . We note that extra factor of 
√
2
appears in the numerator of RHS when a SU(2)R triplet develops 
VEV instead of doublet.
The left–right related W ′ boson with mW ′ ∼ 2 TeV would ex-
plain the diboson excess observed in the ATLAS experiment [27]
where the W ′ is produced as q¯′q → W ′ and decays into
W Z(→ j j) at the LHC [19,20,26,30–37,44]. Furthermore 2 TeV 
W ′ also can be an explanation of eejj excess in the CMS search 
[38] when W ′ decays electron and right-handed neutrino
614 P. Ko, T. Nomura / Physics Letters B 753 (2016) 612–618Fig. 1. Mass of heavy neutral gauge boson Z ′ as a function of gR/gL with 
mW ′ = 2 TeV.
[26,37,39–41]. It is also indicated that coupling relation of gR < gL
is suitable to explain these excesses [26,37,39]. Motivated by these 
possibility, we ﬁx the mass of W ′ as 2 TeV and consider two 
different cases, gR/gL = 1.0 and gR/gL = 0.6 in following analy-
ses.
To accommodate minimal dark matter (DM) within our model, 
we consider a new fermion or scalar SU(2)L,R multiplet. If a multi-
plet does not have interaction leading its decay up to dimension-6 
operator level the lightest component can be stable in cosmolog-
ical time-scale by the same idea as Minimal Dark Matter (MDM) 
model [42]. In Table 1, we summarize possible interactions for 
decay of SU(2)L,R multiplet scalar (fermion) L,R(L,R) up to 
quintuplet. We ﬁnd that scalar SU(2)L quintuplet with non-zero 
Q B−L does not have an operator less than dimension 6 while 
scalar SU(2)R quintuplet has dimension 5 operator. On the other 
hand, fermion SU(2)L quadruplet with Q B−L = 3 and both fermion 
SU(2)L and SU(2)R quintuplets do not have operator less than di-
mension 6. Note, however, that a DM with Y = 0 are excluded 
by DM direct detection due to large DM-nucleon scattering cross 
section via Z-exchange unless some other mechanism suppresses
the cross section. Therefore we shall focus on the fermion SU(2)R
quintuplet for our study of minimal DM since SU(2)L quintu-
plet is same as discussed in MDM model in the canonical LR 
model [20].3. DM phenomenology
In this paper we focus on SU(2)R quintuplets Q B−L whose 
electrically neutral component provides a DM candidate. Possible 
values of Q B−L are 0, 2 and 4, where the corresponding multiplets 
can be written as
0 = (χ++,χ+,χ0,χ−χ−−)T ,
2 = (η+++, η++, η+1 , η0, η−2 )T ,
4 = (ζ++++, ζ+++, ζ++, ζ+, ζ 0)T , (13)
where subscripts “+” etc. denote electric charge of the components 
and χ0 is Majorana fermion while the others are Dirac fermion. 
We note that Q B−L = 0 multiplet is discussed in the exact left–
right symmetric case in Ref. [20].
The gauge couplings of a component ψ Q (ψ = χ, η, ζ ) with 
mass eigenstates of the gauge bosons can be written by
L ⊃ −sW sM gR Q ψ¯ Q Zμγμψ Q
+ cM gR
(
Q − Q B−L
2c2M
)
ψ¯ Q Z ′μγμψ Q
+ cW sM gR Q ψ¯ Q Aμγμψ Q
+ gR√
2
(c2mψ¯
Q +1W ′ +μγμψ Q + h.c.), (14)
where c2m = √(2+m + 1)(2−m) with m = Q − Q B−L/2.
3.1. Mass splitting
The mass splitting between charged components and the neu-
tral component in a given multiplet can be obtained by calculating 
radiative correction where the gauge bosons propagate inside loop 
diagrams. We then ﬁnd the formula of the mass splitting as
MQ − M0  g
2
R
(4π)2
M[Q (Q − Q B−L) f (rW ′)
− c2M Q {Q − Q B−L/c2M} f (rZ ′)
− s2W s2M Q 2 f (rZ ) − c2W s2M Q 2 f (rγ )] (15)Table 1
Interactions leading to DM decay for scalar (fermion) SU(2)L,R multiplet where “Reps.” corresponds to representation under SU(2)L × SU(2)R ×U(1)B−L , YDM is hypercharge 
of DM, H˜ = (iσ 2L )HT (iσ 2R ) with σ 2L(R) being the second Pauli matrix acting on SU(2)L(R) representation space, and H˜ R = (iσ 2R )H∗R . The Lorentz indices are suppressed.
Reps. Interaction YDM
SU(2)R multiplet scalar R
(1,2,1) R H
†
R 0
(1,3,0) R H˜R HR 0
(1,3,2) R H˜R H˜ R 0
(1,4,1) R H˜R H˜ R HR 0
(1,4,3) R H˜R H˜ R H˜ R 0
(1,5,0) R H˜R H˜ R HR HR 0
(1,5,2) R H˜R H˜ R H˜ R HR 0
(1,5,4) R H˜R H˜ R H˜ R H˜ R 0
SU(2)L multiplet scalar L
(2,1,1) L H
†
R H˜ 1/2
(3,1,0) L H H˜ 0
(3,1,2) L ¯cLL 1
(4,1,1) L H H˜HHR 1/2
(4,1,3) L ¯cLL HHR 3/2
(5,1,0) L(HH˜)(HH˜) 0
(5,1,2) dim > 5 1
(5,1,4) dim > 5 2
Reps. Interaction YDM
SU(2)R multiplet fermion R
(1,2,1) ¯RcR H
†H 0
(1,3,0) ¯RR HR 0
(1,3,2) ¯RcR HR 0
(1,4,1) ¯RcR HR H˜R 0
(1,4,3) ¯RcR HR HR 0
(1,5,0) dim > 5 0
(1,5,2) dim > 5 0
(1,5,4) dim > 5 0
SU(2)L multiplet fermion L
(2,1,1) ¯LcL H
†H 1/2
(3,1,0) ¯LL HHR 0
(3,1,2) ¯LcL HHR 0
(4,1,1) ¯LcL H H˜ 1/2
(4,1,3) dim > 5 3/2
(5,1,0) dim > 5 0
(5,1,2) dim > 5 1
(5,1,4) dim > 5 2
P. Ko, T. Nomura / Physics Letters B 753 (2016) 612–618 615Fig. 2. Mass difference between neutral and charged components of right-handed quintuplet where B − L = {0,2,4} and gR/gL = {1,0.6}.where Q is electric charge, rX = mX/M and f (r) ≡ 2 
∫ 1
0 dx(1 +
x) log[x2 + (1 − x)r2]. We note that Q B−L = 0 provides same for-
mula as in Ref. [20]. Fig. 2 shows the mass difference MQ − M
for mW ′ = 2 TeV and gR/gL = 1.0(0.6) where MQ and M are 
masses of component with charge Q and of DM respectively. 
We ﬁnd that the mass splitting MQ − M is always positive for 
Q B−L = 0 which is qualitatively different from Ref. [20] where 
the MQ − M becomes negative when DM mass M is larger than 
∼1.8(4.5) TeV for mW ′ = 2(5) TeV. This difference comes from 
mass relation between mZ ′ and mW ′ ; mZ ′/mW ′ is smaller in our 
case when the same gR/gL value is applied. For the multiplet 
with Q B−L = 2, the second singly charged component η−2 be-
comes lighter than the neutral component for M  1(0.6) TeV. 
The Q B−L = 4 multiplet also provides positive MQ − M for all 
M values where the mass splitting is larger than the case of 
Q B−L = 0.
3.2. Relic density
Thermal relic density of DM is numerically calculated using
micrOMEGAs 4.1.5 [45] to solve the Boltzmann equation by imple-
menting relevant interactions providing (co)annihilation processes 
of DM. Here the (co)annihilation processes of DM are induced by 
gauge interactions in Eq. (14). We show the estimated relic den-sity by blue lines in Fig. 3 for Q B−L = 0 and 4 with mW ′ = 2 TeV
where the left (right) panels correspond to gR/gL = 1.0 (0.6). It is 
compared to the value measured by Planck [46], h2 = 0.1199 ±
0.0027, indicated by green horizontal line in the plots. Note that 
the case of Q B−L = 2 is not shown in Fig. 3 since it cannot provide 
observed relic density in the region of M where the neutral com-
ponent is the lightest. The plots show the resonance effects around 
M ∼ mW ′/2 and M ∼ mZ ′/2 where (co)annihilation cross sections 
become large decreasing relic density. We ﬁnd that the relic den-
sity tends to larger for smaller gR/gL since the (co)annihilation 
cross section is suppressed by following effects: (i) the heavier Z ′
for the smaller gR/gL , and (ii) the smaller coupling constant gR
compared with gL . Also Q B−L = 4 multiplet provides larger relic 
density than Q B−L = 0 multiplet since (a) DM is Dirac fermion for 
Q B−L = 4, (b) larger mass splitting suppresses the coannihilation 
effect. The masses of DM giving observed relic density are summa-
rized in third column of Table 2 for each case. We note that SU(2)R
quintuplet can provide observed relic density with mW ′ = 2 TeV
unlike the case of the exact left–right symmetric model in Ref. [20]
due to different mass splitting relations. Furthermore, when we 
apply gR/gL = 0.6 the required mass of DM can be as light as 
O(1) TeV which is light compared to SU(2)L quintuplet in MDM 
model [47].
616 P. Ko, T. Nomura / Physics Letters B 753 (2016) 612–618Fig. 3. Relic density h2 for fermionic SU(2)R quintuplet DM with B − L = 0 and 4 where the left (right) panel shows gR/gL = 1.0 (0.6). (For interpretation of the references 
to color in this ﬁgure, the reader is referred to the web version of this article.)
Table 2
DM mass giving relic density h2 = 0.1199, mass difference MQ − M , cross section for pp → ψ Q ψ Q ′ at 13(14) TeV where ψ Q ψ Q ′ includes all possible combination 
including charged component, σDM−N denotes a DM-nucleon scattering cross section where the value outside (inside) bracket is for proton(neutron), and σLux is current limit 
by Lux [48].
B − L gR/gR mDM [TeV] M [GeV] σψ Q ψ Q ′ [fb] σDM−N [cm2] σLux [cm2]
0 1 4.54 5.34  10−2  10−45 ∼ 57. × 10−45
0 0.6 1.61 5.79 0.11(0.18)  10−45 ∼ 18. × 10−45
2.18 6.18 0.034(0.069)  10−45 ∼ 26. × 10−45
2.64 6.39  10−2  10−45 ∼ 30. × 10−45
4 1 0.244 5.07 2010(2380) 1.9(12.) × 10−44 ∼ 3.1× 10−45
0.356 6.71 1420(1740) 1.9(12.) × 10−44 ∼ 4.3× 10−45
4.32 23.7  10−2 1.9(12.) × 10−44 ∼ 52. × 10−45
4 0.6 0.785 19.1 371.(460) 6.8(15.) × 10−45 ∼ 8.9× 10−45
1.23 25.9 1.44(2.05) 6.8(15.) × 10−45 ∼ 14. × 10−45
1.66 31.1 0.173(0.298) 6.8(15.) × 10−45 ∼ 19. × 10−45
3.62 45.7  10−2 6.8(15.) × 10−45 ∼ 45. × 10−453.3. DM nucleon scattering cross section
For the multiplet with Q B−L = 0, DM can interact with nucleon 
by exchanging Z ′ boson. The DM-Z ′ coupling is obtained from 
Eq. (14) while Z ′ couples to right-handed u- and d-type quark 
currents with couplings cM gR(2/3 − 1/(6c2M)) and cM gR(−1/3 −
1/(6c2M)) respectively. We then estimate DM-nucleon scattering 
cross section for ζ 0 to investigate constraint from DM direct de-
tection experiment. The spin independent elastic scattering cross 
section of DM and nucleon N can be calculated as
σζ 0N 
4g2R g
2
NNZ ′
πc2M
1
m4Z ′
m2NM
2
(mN + M)2 (16)
where mN is nucleon mass, gppZ ′ = cM gR(1/2 − 1/(4c2M)) and 
gnnZ ′ = −gR/(4cM). Since our DM is much heavier than nu-
cleon the cross section is almost independent of DM mass. We 
then ﬁnd that the values of cross section averaged by nucleon 
(σζ 0p + σζ 0n)/2 are 6.8 × 10−44 cm2 and 1.1 × 10−44 cm2 for 
gR/gL = 1.0 and 0.6 respectively. These cross sections are com-
pared to current constraint given by LUX experiment [48] where the upper limits are given in seventh column of Table 2 for each 
DM mass. Thus the cases of gR/gL = 1.0 and of gR/gL = 0.6
with M  1 TeV are excluded unless some cancellation mechanism 
works while that of gR/gL = 0.6 with M  1 TeV are allowed. In-
terestingly, the scattering cross sections for proton and neutron are 
signiﬁcantly different which are summarized in sixth column of 
Table 2. For the case of Q B−L = 0, DM interacts with nucleon at 
one-loop level exchanging W ′ boson and the scattering cross sec-
tion is much smaller than the current constraint.
3.4. Implication to collider physics
The components in SU(2)R quintuplet can be produced at the 
LHC through gauge interactions pp → V → ψ¯ Q ψ Q ′ where V can 
be γ , Z , W ′ or Z ′ according to interactions in Eq. (14). Since DM 
just appears as missing transverse energy ET we consider produc-
tion processes which include charged components; pp → ψ¯ Q ψ Q , 
pp → ψ¯ Q ψ Q ±1, and pp → ψ¯±ψ0 where ψ = χ, η and Q = 0. 
Here we estimate the production cross section numerically by 
CalcHEP [49] utilizing the code with CTEQ6L PDF [50] for 
√
s = 13
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of Table 2 where all production modes are summed over. The cross 
section can be larger than 0.1 fb for M  2 TeV which would be 
within reach of the LHC.
The charged components can decay as ψ Q → ψ Q ∓1M±(M± =
π±, K±, etc.) and χ Q → χ Q ∓1q¯′q where off-shell W ′ converts 
into M± and light quarks q¯′q assuming heavy right-handed neu-
trinos. Since the mass splittings are M > 5 GeV in our case, 
ψ Q → ψ Q ∓1q¯′q provides dominant contribution of decay width 
which is given by
(ψ Q → ψ Q −1q¯′q)  Ncc22m
g4R
120π3
M5
m4W ′
(17)
where Q is taken to be positive here. We ﬁnd that the lifetime 
of the charged components are less than 1 cm/c and they would 
decay within the non-detector region. Thus the signal of quintuplet 
production is “jets+missing ET ” in our case.
Here we brieﬂy discuss the diboson excess in our model. Cal-
culating with CalcHEP, the production cross section for pp → W ′
is given as σ(pp → W ′)  220(gR/gL)2 fb for mW ′ = 2 TeV, which 
is similar to other SU(2)L × SU(2)R × U(1)B−L models [19,20,26,
30–37,44]. On the other hand the branching fraction for W ′ → W Z
would be different since we have additional SU(2)R quintuplet 
fermion. The W ′ can decay into quintuplet states where the partial 
width is given by

⎛
⎝W ′ →∑
i, j
ψ¯iψ j
⎞
⎠
=
⎛
⎝∑
i j
C2i j
⎞
⎠ g2R
12π
mW ′
(
1+ 2M
2
m2W ′
)√
1− 4M
2
m2W ′
(18)
where ψi represents a component in quintuplet, and
∑
i j
C2i j =
⎧⎪⎪⎪⎨
⎪⎪⎪⎩
(
√
2)2 + 12 (
√
3)2 = 72
for B − L = 0 quintuplet,
(
√
2)2 + (√3)2 + (√3)2 + (√2)2 = 10
for B − L = 4 quintuplet,
where 1/2 factor appears in second term of LHS for B − L = 0
since the neutral component is Majorana fermion. We assumed 
all the components ψi have the common mass M , ignoring mass 
difference in the quintuplet for simplicity. The other partial decay 
widths are given by

(
W ′ →
∑
q¯q′
)
= 3g
2
R
16π
mW ′
(W ′ → W Z) = (W ′ → Wh) = g
2
L
192π
sin2 ξ
m5W ′
m4W
(19)
where 
∑
q¯q′ indicates sum of possible combinations of SM quarks, 
ξ is the W –W ′ mixing angle in Eq. (7) and all the quark masses 
are omitted. We ﬁnd that branching fraction of W ′ →∑i, j ψ¯iψ j is 
dominant when 2M <mW ′ . In this case a value of sin ξ should be 
larger than the value in a left–right model without extra multiplet 
in order to obtain σ(pp → W ′)BR(W ′ → W Z) ∼ 10 fb for explain-
ing the diboson excess; sin ξ ∼ 3(2) × 10−3 and ∼ 5(3) × 10−3
are required for the cases of B − L = 0 and 4 with 2M < mW ′
and gR/gR = 1.0(0.6) while sin ξ ∼ 2(1) × 10−3 is required for 
2M >mW ′ and gR/gR = 1.0 (0.6) as the other left–right models.4. Summary and discussion
We have studied a DM model with SU(2)L × SU(2)R × U(1)B−L
gauge symmetry where the 2 TeV W ′ boson from the extended 
gauge symmetry is a potential explanation of di-boson excess in 
ATLAS and eejj excess in CMS. The gauge symmetry is broken 
by VEVs of SU(2)R doublet and SU(2)L,R bi-doublet scalar ﬁeld 
where the scalar sector is simpliﬁed loosening the exact left–
right exchange symmetry. Then we have classiﬁed a new fermion 
and scalar SU(2)L,R multiplet which can be stable in cosmological 
timescale based on the idea of minimal dark matter.
As a new candidate of DM, we focused on three fermion SU(2)R
quintuplets with B − L = 0, 2 and 4. We investigated mass split-
ting between neutral and charged components of the quintuplets, 
relic density of DM, and DM-nucleon scattering for each multiplets 
adopting mW ′ = 2 TeV. For the mass splitting of B − L = 0 quintu-
plet, we ﬁnd that neutral component is always lightest where it is 
qualitatively different from the exact left–right symmetric case. We 
have also shown that the neutral component is always the lightest 
for B − L = 4 while a charged component in B − L = 2 quintu-
plet becomes the lightest when DM mass is M  1.0 (0.6) TeV
for gR/gL = 1.0 (0.6). The observed relic density can be ob-
tained for the B − L = 0 and 4 quintuplets but the B − L = 2
quintuplet give smaller relic density in the region where neutral 
component is the lightest. Furthermore the investigation of DM-
nucleon scattering for B − L = 4 excludes cases of gR/gL = 1.0
and gR/gL = 0.6 with M  1 TeV since the scattering cross sec-
tion via Z ′ exchange is larger than current limit. Thus the values 
of DM mass are predicted to be 4.5 (1.6, 2.2, 2.6) TeV for B − L = 0
with gR/gL = 1.0 (0.6) and {1.2, 1.7, 3.6} TeV for B − L = 4 with 
gR/gL = 0.6 respectively. We then show that charged components 
can be produced at the LHC 13 and 14 TeV with total cross sec-
tion around 0.1 to 2.1 fb when DM mass is relatively light as 1.2
to 1.7 TeV. The charged components predominantly decay into an 
other charged (neutral) component with 1-unit charge difference 
and light quarks, which lead the signal of the quintuplet produc-
tion as jets plus missing ET . Further analysis of the signal is left as 
future work.
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